The plasmids from six clinical strains of Salmonella wien have been characterized. All the S. wien strains were found to carry three types of plasmids: an IncFI R-Tc Cm Km Ap (resistance to tetracycline, chloramphenicol, kanamycin, and ampicillin) plasmid, either conjugative or nonconjugative, of large size (90 to 100 megadaltons); an R-Ap Su Sm (resistance to ampicillin, sulfonamide, and streptomycin) plasmid of 9 megadaltons; and a very small (1.4 megadaltons) cryptic plasmid. The characteristics of conjugative R plasmids, recombinant between F'lac pro and the FI nonconjugative plasmid, indicated that regions coding for the donor phenotype were present on this plasmid. The molecular and genetic features of the R plasmids were very close to those described for the R plasmids isolated from S. wien strains of different origin. This fact supported the hypothesis of a clonal distribution of this serotype in Algeria and Europe. The analysis used to identify transposable elements showed the presence of only TnA elements, which were located on both the R-Tc Cm Km Ap and R-Ap Su Sm plasmids.
The serotype Salmonella wien occurred at low frequency in human pathology until 1969. The first epidemic outburst occurred in Algiers in 1969 (18) . Between 1970 and S. wien reached a high incidence among salmonellosis cases in France (20%) (18) . In Italy this serotype caused at least 2,399 cases in 1975 and 2,535 in 1976 (M. Fantasia Mazzotti, personal communication); in some Italian regions about 60% of all Salmonella infections were due to S. wien (1) . Sporadic cases of S. wien infection also occurred in Britain from 1973 onwards (2) .
The strains showed multiple drug resistance, and the most common type (over 80%) was characterized as resistant to tetracycline, chloramphenicol, kanamycin, ampicillin, sulfonamide, and streptomycin. An interesting feature of S. wien is that, although the majority of isolates are able to transfer their drug resistance, some isolates showed no such ability in spite of the fact that they displayed the same resistance pattern (1, 2) . In Italy, these nontransferring multiply antibiotic-resistant strains are represented among clinical isolates at high frequency (10 to 30%) (1; Maimone, Nicoletti, and Casalino, unpublished data).
In this paper the plasmids from six S. wien strains isolated in Italy are characterized and the results are compared with those described for R plasmids from S. wien strains of different origins (2, 3, 26) .
Additional information about the genetic structure of naturally occurring R plasmids may be obtained by identifying the types of possible transposable (Tn) elements situated on such plasmids. For this purpose, some genetic and structural properties of TnA elements associated with three classes of R plasmids from S. wien are also examined. Edwards and Meynell (7) . Mutant plasmids, used to perform incompatibility or mobilization tests, were isolated after treatment with N-methyl-N'-nitro-N-nitrosoguanidine as described by J. H. Miller (21) .
MATERIALS AND METHODS
DNA isolation. Plasmid DNA was isolated by ethanol precipitation of DNA from sodium dodecyl sulfate-salt-cleared lysates as described by Meyers et al. (20) .
Agarose gel electrophoresis of DNA. Plasmid DNA was subjected to electrophoresis in 0.7% agarose gels as described by Meyers et al. (20) .
Electron microscopy. Spreading and staining of plasmid DNA for electron microscopy were performed as described by Gandini Attardi et al. (9) (25) . The fragments were analyzed by electrophoresis in 0.7% agarose gels.
Transformation. Plasmid DNA was used to transform E. coli strains as described by Cohen et Tests of the ColEl or ColEl::TnA transformants for production of active colicin and colicin immunity were performed as described by Inselburg (12) .
The recA mutation in strain JG184 was monitored by sensitivity to UV. RESULTS Preliminary analysis of S. wien strains WZM1-6. S. wien strains WZMI-5 were able to transfer all the resistance markers after overnight matings with E. coli K-12 F-CSH27 (Nalr). The resistance patterns in the transconjugants, the frequencies of transfer, and the results of successive transfer to another K-12 strain The R-Tc Cm Km Ap plasmids were tested for compatibility with plasmids of incompatibility groups FI, FII, FIV, FV, Ia, Hl, and P; they belonged to incompatibility group FI, but they had a stability of about 99% in HfrC D7011.
To demonstrate the presence ofregions coding for the donor phenotype on the pZM61 nonconjugative plasmid from WZM6, the interaction between pZM61 and F'lac pro was investigated. F'lac pro x pZM61 recombinant plasmids were isolated from triparental matings CSH28 x WZM6 x ZlJ41 and CSH28 x ZM41(pZM61) x CSH26. Th* frequency of pZM61 mobilization by F'lac pro was on the average 2 x 10-7 to 3 x l0-7, and the two major classes of conjugative recombinant R plasmids were R-Tc Cm Km plasmids and R-Tc Cm Km Ap plasmids. The R-Tc Cm Km recombinant plasmids were of very large size (they did not enter the gel under our conditions), and they were transmitted by conjugation at a frequency of 10-' in 30-min E. coli x E. coli crosses.
Eight independently isolated R-Tc Cm Km Ap recombinant plasmids were examined by gel electrophoresis. No difference was detectable between their size and the size of pZM61 (96 Mdal). When the frequency of transfer (6 x 10-4 to 10 X 10-4 in 30-min E. coli x E. coli crosses) and the ability to mobilize a small resistance replicon (pZM62, see below) were measured, these R-Tc Cm Km Ap conjugative recombinant plasmids displayed phenotypic properties intermediate between those of F'lac pro and those of the naturaUy occurring conjugative plasmids from S. wien strains WZM1-5 (an example is shown in Table 2 , matings 1, 2, and 3). The existence of these recombinant plasmids suggested that DNA sequences on pZM61 shared homology with the regions of the F DNA where transfer functions are located.
In accordance with the results of Anderson et al. (2) , no mobilization of pZM61 was detected with the RP4 conjugative plasmid.
R-Ap Su Sm plasmids. All the S. wien tested VOL. 139, 1979 on July 9, 2017 by guest http://jb.asm.org/ in this investigation carried a nonconjugative RAp Su Sm plasmid whose moleFular weight, determined by gel electrophoresis, was about 9
x 106. These plasmids are similar to the R-Ap Su Sm nonconjugative plasmids found in other enterobacterial strains (11, 24) . They were mobilized by the FI conjugative plasmids at a frequency of 106 in the mating S. wien x E. coli K-12. Plasmid pZM62 (isolated from S. wien WZM6) was used as the prototype of this class of resistance plasmids; its molecular weight was 9 x 106 (13.5 ± 0.4 kilobase pairs; 40 molecules measured). The mobilization of pZM62 by F'lac pro and RP4 in E. coli K-12 strains was similar to those of RSF1010 and pSC101 plasmids (Table 2, matings 4 to 10). The RP4 transfer factor mobilized pZM62 and pSC101 at the same frequency as its own conjugative transfer in crosses of 18 h (Table 2, matings 6 and 7). In the early stages of the cross (20 to 30 min) the mobilization experiments with pZM62 and RSF1010 revealed a number of conjugative events, efficient in DNA transfer, 5 to 10 times higher than the value determined by the transfer of the RP4 DNA alone ( Table 2 , matings 8 to 10). This unexpected finding must result from specific characteristics of the conjugative system of RP4 and indirectly stresses the similarity of behavior that pZM62, RSF1010 , and pSC101 showed in their interaction with this conjugative system. Tn elements. Analysis of transposable antibiotic resistance elements on the R plasmids from the S. wien strains was performed in K-12 strains JG184 rec-, 803 rec+, and C600 rec+.
The donor plasmids were pZM33, pZM61, and pZM62. The recipient plasmids were pSC101 and ColEl. pSC1O1::Apr (ampicillin-resistant) or ColE1::Apr recombinant plasmids were isolated using each of the three donor plasmids. Even though the transposition experiments with pZM33 and pZM61 plasmids were carried out with C600 or JG184 cultures grown at 32°C for 90 generations, no Cm-resistant, Km-resistant, or Tc-resistant ColEl or pSC101 recombinant plasmid was isolated (translocation frequency <2 x 1i-5 to 6 x 10-5).
We have examined some properties of the transposable elements carrying Ap resistance. They were similar to those of the TnA elements described by other authors (14) . The recombinant plasmids pSC1O1::Tnl931, pSC101:: Tn1932, pSC1O1::Tnl933, ColEl::Tnl931, and ColEl::Tnl932 (five examined by gel electrophoresis from each experiment) had molecular weights corresponding to the molecular weight of pSC101 or ColEl plus an approximately 3.1 x 106-molecular-weight DNA segment which did not contain any EcoRI restriction sites. In all three cases the Ap resistance of the TnA elements was associated with a structural gene encoding for a TEM-type fl-lactamase (Table 3) . The translocation process of Tn1931, Tn1932, and Tn1933 was temperature sensitive and independent of the normal recA function of E. coli (Tables 4 and 5 ). In the experiments with C600, the insertion of Tn1931 and Tn1932 in ColEl DNA affected the expression of colicin production in 15 to 23% of the isolates. Tn3 insertions in ColEl DNA cause this phenotype at an analogous frequency (13) . Table 5 shows the dependence of the translocation frequency of Tn1933 on the number of generations of cultures of cells carrying the donor plasmid pZM62 and the recipient plasmid pSC101. Dependence on the number of generations has been reported by Kretschmer and Cohen (17) for the translocation of Tn3 from chromosome to plasmid.
Since we obtained a very high translocation frequency in the experiments performed after 90 generations of growth at 320C, we attempted to see if Tn1933 insertions into the pSC101 recipient plasmid corresponded to Tn1933 excisions from the R-Ap Su Sm pZM62 donor plasmid. We examined, by replica plating, 9,900 streptomycin-resistant transformants isolated after transformation by plasmid DNA from strain 803(pZM62)(pSC101). No Smr transformant was Ap'. Thus, our experiments showed no correspondence between the insertion and excision DISCUSSION The six S. wien strains exhibited uniform plasmid content: an IncFI conjugative or nonconjugative R-Tc Cm Km Ap plasmid of large size (about 90 to 100 Mdal); an independent, 9-Mdal, probably multicopy R-Ap Su Sm plasmid; and a very small (1.4 Mdal) multicopy cryptic plasmid. The genetic and molecular features of conjugative recombinant R plasmids such as pZM64, obtained by the interaction of F'Iac pro with the IncFI nonconjugative plasmid pZM61, give more precise information as to the nature of the large Fl plasmid present in S. wien strains and support the hypothesis that plasmids such as pZM61 are defective conjugative mutants of the IncFI conjugative plasmid, which is present in the other S. wien strains. The IncFI defective conjugative R plasmids are found in clinical S. wien strains at high frequency (10 to 30%); the reasons for this phenomenon still remain obscure, and further investigation of their origin is required.
All the genetic and molecular characteristics of the FI plasmids we have described are very similar to those reported for the FI plasmids from S. wien strains isolated in Algeria, France, Britain, and Austria, including the defective conjugative members (2, 26) . Furthermore, all these S. wien strains carried an independent Ap Su Sm determinant. The identity of the plasmid content strongly supports the view that the distribution of this serotype in Europe is due to only one strain of S. wien which was probably imported from Algeria (2, 18) .
The analysis used to identify Tn elements capable of translocation to the pSC101 and ColEl plasmids showed the presence of only TnA elements, which were located on both the IncFI and R-Ap Su Sm plasmids. They contained the structural gene for a TEM-type ,8-lactamase and had translocation properties analogous to those described for other TnA's (13) (14) (15) (16) (17) 23) .
